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In ..the fipvKiiwMan : 

\?h-Ul oi\ih(*. Invention 

The present invention relates to methods and devices for converting the energy from 
ocean or vvnler waves to useful energy. More particularly, the present invention relates lo 
| Uio conversion of periodic wave motion present near er beaches of the ocean to useful 
electrical energy. 
I'rtur Art 

Since (he beginning of time, man has viewed the power of the oceans with awe and 
hi\n long sought methods for harnessing this power for useful purposes. Perhaps one of the 
grenlesl forms of natural energy associated with the oceans is the recurring tid e s a nd 
resulting wavesacUpn Unit define the constantly changing hoarders to these massive bodies 
of w#Icr. lowered by gravitational forces of the moon and changing weather conditions of 
wind, temperature and rain, the ever changing tides and fesuta^-propagation of wave 
motion across Ihc majority of-wator surfaces of the earth generate an immeasurable force 
which continually pounds virtually every exposed shoreline of every continent of the world, 

Allcnipls to tap this source of energy have experienced only nominal success. 
Whereas development of hydroclecLric power sources on rivers has been a simple matter of 
applying a turbine to a moving stream of water, the capture of water movement of periodic 
waves has been a formidable challenge. Hundreds of devices have been contrived to 
directly respond to the ocean movements; however* few have survived the test of general 
commercial application. Typical approaches to this problem have included the use of 
| t/'lU^lt'U^ioving paddles, buoys and a myriad of other floating e*=4eth orod objects designed 
to move laterally with the currents in a rhythmic pattern, while transferring this energy to a 
mechanical linkage capable of generating electrical output, 

A primary flaw In such systems arises from the surface location, or at least 
suspended linkage to surface structure, providing a dependence upon lateral interaction of 
moving mechanical ports with surface wave action to provide the medium of transfer of 
force from the oceans to a power generator. Such mechanical assemblies are not only 
expensive, but require regular maintenance and repair due to changing weather conditions at 
the surface^ which Are manifest in severe forces capable of crushing the strongest of 
structures. In addition, tlic consUntly changing tides mandate complex height adjustment 
'mechanisms to adjust to changing water levels. The resulting variations in operating 
conditions make it difficult lo provide a single system that is capable of coping with the 
multitude of variables which must be satisfied in a surface-linked mechanical system of 
energy conversion, 

| What is needed is a power gener ation s ys tem ton^fer-ffiedkwt-which operates in 

response to the periodic wave motion of the waters, but in a manner independent from other 
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REMARKS 

In view of Hie extended period of time since the filing of this application, applicant 
Ivts wade a fresh review of its content and has identified numerous typographical errors. 
The changes to the specification have been provided in this amendment to correct these 
errors as well as provide belter consistency throughout the disclosure material. For 
example, references lo "lateral" movement have been eliminated to avoid confusion with 
respect to lateral movement of a wave, but not necessarily lateral movement of the water. 
Those sKttlcd- in the art readily understand the dynamic action associated with waves 
occurring jn the ocean; however, a casual reader may benefit from this clarification. Other 
changes have been made on a similar basis to developed enhanced consistency in the 
application., particularly with the chums* 

Claim 1 has been amended to note that the power output occurs at the location of the 
transducer or pressure sensing structure on the ocean floor, a condition which was believed 
to be inherent in the claim scope, but for purposes of clarity, is properly set forth in an 
affirmative manner. Accordingly, it is believed that this amendment does not modify the 
■.scope of the original claim and is not submitted, therefore, as a limitation for purposes of 
piilehtstbUity. Rather, applicant is making a good faith attempt to accelerate the prosecution 
of (his application in view of its extended delay at the U, S. Patent and Trademark Offiec. 

Claim 10 is amended to focus the claim of novelty to include the moveable head 
plate us a component of the transducer as described and shown. 

Claims 11, 12, 13 and 19 include amendments to eliminate orientation limitations 
deemed tin necessary, thereby broadening the claims to a more accurate statement of the 
h wen I ion, 

Claim 20 adds a limitation that the pressure sending structure is positioned at least 
five feet below the water level. This limitation is consistent with the disclosure on page 9, 
line 18 of the PCX application as filed. 

The remaining amendments to original claims are typographical in nature and do not 
limit the Hcopo of the originally defined invention* Accordingly, all claims are believed to 
be either broader or equal in scope to the originally filed claims, except for claim 22. 

New claims 2,4 through 29 are drawn from the originally submitted claims and are 
likewise fully supported in the specification and drawings, 

To further expedite examination of this application, applicant has included newly 
discovered ail as identified in the accompanying Information Disclosure Statement. UK 
Patent Application GB 22821 88 discloses an underwater device that operates along a 
changing depth or floor gradient. This device provides an array of chambers that operate to 
r,icqticnlialJy increase air pressure within the flexible chamber array, This pressurized air "is 
then passed to a high pressure air reservoir (not shown)" which is then available for 
conventional processing, Accordingly, this disclosure is for a device or method for 
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surface water conditions lo produce electrical energy. The system mast be economically 
feasible by favorably balancing cost of energy production versus kilowatt output 

Objects and Summary of the Invention 

ft is an object of the present inversion to capture energy from recurring wave motion 
of.walcr by indirect conversion of vertical motion to electrical power output. 

It further object of the invention generate electrical power in response to 
changing weights of water over a fixed, submerged surface as a function of time. 

Yet another object of this invention is to develop conversion of wave motion to 
electrical power without depending upon moving objects suspended within the water. 

A still further object of this invention is the conversion of tidal energy and recurring 
wave motion, to electrical energy indirectly based on changes in weight of the water as it 
flows onto and recedes from the beach in a recurring manner, 

These and other objects are realized in a power transfer system which includes a 
pressure cu^mvkv ^e^in^ev4c<j54ra ns<hicer positioned at the ocean floor and under a 
local ion of wave movement config ured for (i) registering changes in height of water in 
aUoninliug crests an d trou ghs above the pressure tran sducev sensin g device s and (h) 
providing an elcc (rie a), power output atjh c iransd ucer corresponding to changes in force 
associated with the changes in the height of water. A-transfe r modiunv te-e ouplod n t-one 
end-to ti\e']M^Giir^^eiisingH4evicesand^l^^s to a s e c ond- e nd at ash o re location -adjacent 
t|i<a!ocaEk>n-0pwaY^ the po wer- output o f4fa o prouour e-s cnsing 

■ coit v*Q rs i O] 4 devic e s uah -as-fl ji electri c-m otor, ligh t? 
Iwrtv-of stovHg^ltaUeries-o^ device is -eett plcd to t h^ trflngfar - m edwm 

Hi the ■ri)cvre T l«c<Uioiv- for-ree^mng^^e-pew^oH tpiit f roffl the^ rans fa r -n icdium and 4eg 
process mg-tte^w and features will be apparent to 

those skilled in the art, based on the following detailed description, taken in combination 
with the accompanying drawings. 

Description of the Drawings 

Figure 1 graphically represents an array of pressure transducers coupled to a battery 
{storage system, including access to utility power transfer lines. 

Figure 2 represents a cross section of ocean beach which has been modified with a 
wave energy transfer system as shown in figure 1. 

Figure 3 graphically illustrates a process for laying a grid of pressure transducers 
within a fluidizcd trench under the beach area of an ocean water source, 

Figure 4 illustrates a mal of transducers secured to a rigid grid support for placement 
at the ocean floor, under several feet of sand, with a connecting wire for attachment to a 
power storage bank, 
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Figure 5 shows another embodiment of the present invention wherein electricity is 
developed by the relative movement of a magnet with respeet to a coil, biased to a return 
position by aspiring. 

Figure 6 is a cross-secLion of figure 5, taken along the lines 6 - 6. 

Figure 7 represents an additional embodiment using a piston configuration with 
leveraged force Tor conversion of linear motion to rotary motion in combination with a 
genera lor. 

Figure $ shows a perspective view of a billows device coupled to a rotary power 
eon v £i"s i o n ger i e rat o r. 

Figure 9 depicts a graphical cross-section of a lever ami powered by a billows device 
asid coupled 10 linear electrical generator. 

Figure 1 0 illustrates an additional embodiment of a magnet/coil generator in a mat. 
Figure ), 1 shows a variation of the magnet/coil combination. 

Detailed Description of the Invention 
The present invention arises from the observation that indirect conversion of wave 
movement to electrical energy could avoid the mechanical limitations previously 
experienced with surface-linked paddles, wheels and floating systems. The challenge is 
how to capture die tetaral-niovemcnl of surface water in a reciprocating manner without 
beting subject to physical wear or damage resulting from the sometimes violent thrust and 
receding movement of powerful ocean waves, Tndecd, t^ a conimon perception within the 
prior art was to accept the limitation that conversion of the power of ocean tides and waves 
required a device that would respond to this lfrfer^ surfac c wave movement, and then 
convert this motion lo rotary movement within a turbine or some other energy transfer 
medium. An inspection of the hundreds of devices arid methods which have attempted to 
Ifip Iho ocean's energies quickly reveals this common paradigm. 

The present invention adopts a new approach of indirect power conversion of sur face 
wave aciipnto positio ned on the oc oaniloor, Instead of 

focusing on the lateral movement of the ocean waters as the source of power, the new 
paradigm involves considering the vertical force applied by the teteratty-wave action ofthe 
moving waters. In simple terms, the invention arises with the observation that the lateral 
wavojmovement of water is accompanied by a change in water level at the surface, and an 
accompanying change in water depth. This variance in depth provides an immediate 
variation in weight, as recurring greater and lesser volumes of water pafis»ove^-occnr oyer 
m y given area of submerged beach or ocean floor. In cssence,thc recurring rise and fall of 
water level cmi bo viewed as a pumping mechanism which operates k*depondenlly with 
n<Ln3iaJ t dflmag9J!£^ialed withof the severity of weather conditions at the ocean surface. 
Indeed, the more severe the wealhcr and wave action is, the greater is the energy input to the 
ocean, loading to greater and more frequent variation in depth changes. 
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In basic terms, the present energy transfer system can be viewed as a column of 
water which varies in height in a recurring manner, This changing column of water 
possesses a gravitational force corresponding to the height of water above the ocean floor. 
The recurring waves constantly vary this height between the maximum height of any given 
wave and the lowest level water possible when the wave has receded. The difference in 
height represents an osci Haling force and applied load (dependent upon the mass of the 
| waler) which can be directly cqiiyertedt-ran&fe rrod thro ugh-a ^oiw o r s ia iM nodium on the 
ocean door in other forms of potential or kinetic energy. The recurring nature of this 
changing volume enables simulation of a pumping force, powered by gravity and developed 
indirectly by the wave action of the ocean- 

Wgurc ) illustrates a*vimHi^ ^im lire<atr- a conversion medium whM^as-no-ii^mn^ 
pftrtcJ-aiKl-f^sSiibstanlially free from the direct su rf aco movement associated with currents and 
tides, Here again, lhhs aspect of the invention arises with the observation that power transfer 
| from the recurring wave acliou can be realized below the water level, wder-at the ocean 
floor, This consideration requires an additional shift in paradigm to recognize that the sand 
ba$e below the ocean water can be used as a pressure transfer medium for passing the 
changing load of the column of ocean water into a form of electrical energy within a 
somewhat protected environment, free from radical currents and possible attack of sea life> 
In facL the fluid nature of sand and its excellent compaction characteristics provides an ideal 
medium for this energy transfer and conversion, 

Accordingly, one embodiment of the present invention utilizes an array of pressure 
sensitive devices, such as piezoelectric pressure transducers 10, which are individually 
coupled lo a conductive wire 1 I, which interfaces with a common conductor 12. This 
i mlxKlimcnt o f the invention applies the capacity of piezoelectric material to convert an 
applied physical stress to voltage output. For example, numerous piezoelectric materials are 
known which arc applied in microphone devices, stress meters, etc, which provide an 
analog output voltage proportional to the applied change in stress or loading, Typically, this 
voltage is used lo measure changes in applied stress to a mechanical component and is 
coupled to a meter and associated circuitry to define an analog measurement of the applied 
load, In the present invention, the changing weight applied by the column of water can be 
used to develop a physical change on the piezoelectric material, resulting in a voltage 
cuiput. This output voltage causes current flow along the coupled wires 11 and 12 to a 
battery storage Urtit 13- Electric power is stored in the battery based on the continual current 
flow supplied by the recurring wave action. 

1 The mathematical relationship between current and applied load is dependent upon 
, (he specific piezoelectric material selected. Those skilled in the art of piezoelectric 
malcijaU have developed representative constants c ; which predict the surface charge 
density of selected materials. Calculations based on the dimensions of the transducer 
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material find applied force demonstrate that current flow can be regularly pumped from a 
submerged array of transducers below a changing load supplied by wave action of the 
ocean. Vov example, it is estimated that a one square meter array of barium litanate having a 
thickness of one centimeter can supply up to .000013 amps with a changing applied force of 
one? ncwlon, based on the relationship: 

Current - 0.00001 3 x Force 2 ' 
Therefore, t° 11 newtons can yield up to 1.3 ma of current. Although the current flow may be 
perceived as nominal, the ability to place thousands ortransducer arrays which respond 
every few seconds with a view surge of current, when multiplied over years of maintenance 
free operation, can represent a significant source of energy. The use of battery storage units 
J 4 permits the accumulation of such micro energy pulses to establish commercial 
applications for the energy conversion system. A diode gate 13 or other unidirectional 
current regulator provides a simple check against reverse drainage of power from the battery 
storage system 14. Appropriate connections can be made to a utility company 15 for power 
distribution to .consumers 16, 

Figure 2 graphically illustrates one embodiment of positioning such a transducer 
iimiy below the seabed or beach area 17. The array of transducer material 10 is positioned 
several feet below the transient surface of sand. Appropriate protective coatings such as 
polyurolhfmc or some other material can be applied to minimize exposure to water. This 
location will typically be sufficiently close to the shore so that installation can be readily 
accomplished during low tide. 

-This material can be laid in long strips, with a common lead 11 being coupled to a 

single wii o 12 which is connected to a battery storage unit 1 3 and buried a safe distance 
below ground. 

Orteo in position, the transducer material remains static and should require little or 
no maintenance. Nevertheless, each few seconds brings a new wave 20, giving a rise in 
wjitcr level and attendant change in applied force. This pressure loads the transducer 
malarial, generating a pulse of current which is transmitted to the battery storage unit 13. 
| The amount of current will depend upon the change of water level from peak or crest wave 
height 18 to trough level 19. This recurring shift every several-seconds will continue to 
pump energy lo the system for decades, with little additional expense beyond installation 
and initial cost of materials, 

Figure 3 illustrates one method for positioning the subject invention at an operable 
location. First, a trench 41 is excavated along a section of ocean floor 17 below a region of 
ocean water 30 which is subject to constantly changing water elevations. A. trenching 
device 40 travels along the ocean floor 12. The mat of transducers 10 is buried within the 
trench 41 at a depth which protects the transducer mat 10 from adverse exposure to ocean 
ci liven I s and, sea life. 
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One method for excavating the disclosed trench 41 involves fluidi^ing sand and silt 
&l LUe ocean floor 14 io form the trench as a liquid slurry. The transducer mat is laid within 
the fluidi/od sand and silt, which then is allowed to settle over and bury the transducer mat 
to a desired depth. The mat is then connected by means of a conductive wire 17 to the 
Shoreline Where, it may be coupled to storage batteries or electrical devices. It will be 
apparent to those skilled in the art that numerous methods can be utilized to lay the 
transducer mat 1 0 at the ocean floor to establish a stable, stationary position with respect to 
the ehfvngiiig height of water overhead. 

Figure 4 shows a mat of transducers 10 secured to a rigid grid support 40 for 
placement. a-aUhc ocean floor as illustrated above. A connecting wire 1 1 couples the 
respective transducers 1 0 to a power storage bank 14. The rigid grid support 40 supplies the 
sti ffness for supporting the mat of transducers 10 as described above, 

Other embodiments of the present invention re presenting a direct co nversion of 
water forc^imn^LQArflnsdiic er on the o cean fioorwill be apparent to those skilled in the 
»fl-fraiXVAl^Xp)J.9wUlg discussion. For example, Figure 5 depicts a graphic representation of 
a fully enclosed, submersible drum 50 which contains a moveable head plate 51 coupled to 
the combination of a coil 52 moving in a field of a magnet 53 or alternately, a magnet 
■ moving in a fixed coil As overhead waves roll across the drum, the changing weight of 
overheod water exerts a changing gravity force F, which develops movement of the head 
plMe 51 against the fixed resistance oTa return biasing force such as springs 54. Phantom 
configuration linos 56 illustrates the displacement 57 of the head plate 51 under a wave peak 
overhead, As the following wave trough passes over, the gravity force F decreases to its 
minimum value and the restoring forces of the springs 54 displace the head plate 51 upward 
to the raised, rest position, The resulting relative reciprocating movement of the coil and 
magnet induces an electromotive force which generates voltage and current production, 
similar to Ihe current output of the piezoelectric embodiment. The output and efficiency of 
tins system, however, is significantly higher than that which could bo supplied by currently 
known piezoelectric systems as described above. 

Figures 5 and 6 further illustrate a displacement enhancement feature which converts 
the small displacement 57 of the head plate 51 to an increased displacement 58- This 
feature is enabled by use of a compression chamber 60 which has a fixed volume, except for 
the volume changes which result from displacement of the head plate 5 1 and a smaller, 
secondary plate 61 . The smaller surface area of the secondary plate 61 results in 
substantially greater linear displacement 58 into a conversion chamber which allows the 
' secondary plate to move in an unrestrained manner. This conversion chamber may be gas 
filled to protect electrical conversion components (magnets 63 and coil 62) from adverse 
cotilact with ocean water. The larger excursion path of the secondary plate 61 results in a 
corresponding enlarged path for the attached coil 62 through the magnetic field of magnet 
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63 y leading to increased current production which is transmitted through attached lead 65 to 
' ' • the shoreline. A diode or rectifier bridge 55 rectifies polarities to provide continuous 
current flow to the batlery system or electrical device 14. 

The subject drum 50 may be made of concrete, plastic, ceramic, noncorrosive metals 
or olhcr suitable materials which can withstand extended periods of submersion in ocean 
'wider. Preferable compositions should have sufficient density to overcome any buoyancy of 
the drum, Alternatively, securing loops 69 or other forms of anchoring means can be 
installed to enable secure fixation at the ocean floor. Concrete construction appears to offer 
the preferred density, as well as durability for extended life and reduced cost. Flexible 
surrounds 66 and 67 similar to speaker surrounds in audio products provide displacement 
vapacily to the respective head plate 51 and secondary plate 61 while preserving a complete 
. seal on the respective chambers. Once the conversion unit is fully assembled and sealed, a 
protccl jvo polymer coaling or encasement 6S can be applied as a complete exterior seal. 
The device should therefore be able to operate for years without significant maintenance 
rccjuijtunei'itsi. 

Although a common fluid such as air may be preferred in the respective chambers to 
minimize di ffcrential compression rates when submerged, it is envisioned that the device 
will commonly bo placed at lesser depths of water such as occur near the shoreline to 
maximize the relative change in gravity weight with each passing wave. Pressure influence 
at these levels should be nominal. Such shallow depths offer greater percentage variations 
in weight, which enable greater relative displacement of the coil and magnet. For example, 
a. drum positioned under water at low tide may experience overhead waves of 3 to 10 feet in 
height Assuming a depth of five feet for the head plate during a wave trough, the column 
height of overhead water will alternate between eight and fifteen feet. This is equivalent to 
a doubling of weight with every wave period. If high tide raises the water level another ten 
. ' feet, then the height variation will range from eighteen to twenty-five feet, providing 
approximately a thirty percent variation in wave height. Moving the device to depths of 1 00 
fevt would quickly reduce the percent variation of weight and resulting displacement to a 
mere 5-6 percent. It will be apparent that actual design parameters will depend upon the 
unique characteristics of placement locations, anticipated ocean depths and relative water 
height variations, Resistive spring values for springs 54, plate dimensions, internal pressure 
levels, magnet and coil configuration and displacement ranges will require integration to 
maximi/c electrical output. With the explanation provided herein, these design 
. " j .considerations are well, within the skill of the ordinary artisan. 

Figure 7 illustrates an adaptation of the previous embodiment with linkage from a 
compression chamber 70 and head plate 71 , through a piston member 73 to a lever arm 74. 
Similar principles of operation provide for displacement of the head plate 71 under changing 
gravity force F to a depressed position 75. This displacement is enhanced by the smaller 
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iiurfaoc urea of the piston S3, yielding greater linear movement as shown by phantom lines 
76. Accordingly', the piston arm 77 drives the attached wheel 78 in rotation, Further 
enhancement of comparative head plate displacement is accomplished by reduction in 
diftmQtcr of drive wheel 79, which is attached to a rotary generator 80 which is axially 
coupled to the drive wheel 79. The occurrence of a wave trough allows the biasing springs 
SI to return the head plate to an original raised position. Lead 82 couples the electrical 
.output l<> a rectifier for processing the alternating signal to DC or rectified AC. 

An additional embodiment of the present invention is shown in Figure 8. This 
device includes ^ bellows 85 with collapsible walls 86, A protective head plate 91 responds 
to changes in gravity force F based on the column .weight of the overhead water. The return 
force may he contained air, i\ restoring spring, or a combination of both. The illustrated 
embodiment, includes an ajrial rotation rod 87 rigidly coupled by braces 89 to the head plate 
91 such that reciprocating movement of the bellows results in axial rotation of the rod 87, 
This rod in anchored along its rotational axis to abase plate 88 for structural alignment, One 
<rtd of the rod 87 is coupled to a primary drive wheel 92, which is coupled to a secondary, 
silttiller drive wheel 93 by a drive chain 94. The secondary drive wheel powers a rotary 
generator 96> which supplies alternating current to a rectifier 97 at a frequency 
corresponding tu the periodicity of the wave action. The mechanical drive system is 
contained within a housing 98. 

The same bellows of Figure S can be modified in Figure 9 for linear conversion of 
belkwtf movement to electrical, output. In this version, the head plate 91 includes a lever 
arm 100 whichis pivoLally anchored to a fulcrum 101, As the bellows reciprocates in 
response to overhead wave action, the lever arm is raised and lowered. Displacement 
enhancement is provided by the longer section of lever arm 101a on the left side of the 
fulcrum. Accordingly, the remote end 102 of the lever arm moves along a larger vertical 
path, than the bellows displacement A harness 103 suspends a coil 104, which moves 
through a magnetic Held generated by magnet 105, generating the desired current. A 
housing 106 protects the moving parts from the ocean environment 

The magnet and coil combination can also be embodied in a mat configuration, 
similar to that illustrated in Figure 4, For example, Figure 10 depicts an array oFscparale 
magnet/coil pods 1 1 0 which provide the relative magnet/coil movement in response to 
changing weight of the overhead water. Each pod is contained in a thin plastic housing 1 1 1 
which .seals the magnet 1 1 2 and coil 1 1 3 from corrosive action of the sea water, A spring 
meelwusm 1 14 biases the magnet 11 2 in a raised position, yet has sufficiently low stiffness 
to allow the supported magnet 1 12 to readily depress under increasing weight of a vising 
wave crest overhead. Current from the coil is transmitted by a connecting wire 1 18. The 
ihin plastic housing is sufficiently loose around the coil to permit the magnet to easily 
displace within the volume enclosed by the coil, The coil may actually be encased in a rigid 
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plastic w^1l (phantom linos 1 15) to retain fixed coil orientation as the magnet reciprocates 
with thb.wavc action. A. stiff support plate 116 provides resistance against vertical 
movement of the spring mechanism, and may be further supported by a rigid base H7, A 
surrounding mat 1 19 retains the array of pods in place. It will be apparent that the number 
of pods in an actual mat configuration would be much greater in density to maximize 
current generation from overhead wave action. 

An additional modification of the magnet/coil combination is shown in Figure 11 , 
wherein the spring means for movahly supporting the magnet is the coil itself. A base plate 
120 supports a magnet 121 wilhin the field volume of the coil 122 and in fixed position. 
The coil 122 contracts periodically in response to the force F applied to a head plate 123, 
causing the required relative movement of the coil with respect to the magnet 121 , This 
nnhodimcnt offers sonic advantage in simplicity and cost reduction; however, sacrifices 
stfme strength of field interaction in view of limited movement of the coii. By using large 
fi? rays of supey-magncts (ncodinium magnets) having extreme high field strength, sufficient 
current can be generated for a workable system. 

It is to he understood that the numerous disclosed embodiments arc provided to 
illustrate (he broad inventive principles of this invention and are not intended to be limiting, 
except by the following claims. 
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; thy Olainw: 

CLAIMS 

r claim! 

1 . (currently amended) A power transfer system for converting recurring wave movement 
within the ocean to electrical energy, said system comprising; 

pressure sensing structure positioned at a stationary location at an ocean floor below 
vyatcr level and hclow a location of wave movement for (i) registering changes in height of 
water ahovc the pressure sensing structure and (ii) providing an electrical power output at 
. . tho o£cn^ to changes in force associated with the changes in the 

l^iglvl of Water; 

a transfer medium coupled at one end to the pressure sensing structure and extending 
; along the ocean floor to q second end at a shore location adjacent the location of wave 
. movement, said transfer medium including means for transmitting the electrical power 
output of the pressure sensing structure to the shore location; and 

electrical power receiving means coupled to the transfer medium at the shore 
location for receiving the electrical power output from the transfer medium and for 
processing the electrical power output to a useful form of energy. 

2. (original) A power transfer system as defined in claim I > wherein the pressure sensing 
structure comprises a pressure transducer which responds to changes in pressure of water 
and supplies the electrical power output as an output voltage, 

3. (original), A power transfer system as defined in claim 2, wherein the pressure 
transducer comprises a piezoelectric material which responds to changes in pressure to 
produce the* electrical power output, said transfer medium comprising a conductive material 
connected at one end to the pressure transducer and at the other end to the power receiving 
means. 

4. (original) A power transfer syslem as defined in claim 1 , wherein the pressure sensing 
structure comprises an interconnected array of pressure transducers including an output 
connection coupled to the power transfer medium. 

5. (original) A power transfer system as defined in claim 4, wherein the array of pressure 
transducers <irc interconnected in parallel relationship to an output connection which 
cumulates voltage output from individual pressure transducers for transmission to the 
transfer medium. 

6. (original) A power transfer system as defined in claim 2, wherein the power receiving 
means comprises a baltery storage system for storing electrical energy received from the 
output vol! age, 
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7, '(original). A power transfer system as defined in claim 3, wherein the array of 
initiRchiccrs arc buried within a section of ocean iloor at sufficient depth to be substantially 
undisturbed by currents and sea life. 

8. (original) A power transfer system us defined in claim 7, wherein the transfer medium 
comprises connecting wire at the ocean Jloor between the array of transducers and the power 
receiving means. 

0, (original) A power transfer system as defined in claim 3, wherein the array of pressure 
transducers comprises a mat of interconnected pressure transducers and connecting wires, 
s;mj mal including a common output lead coupled to the transfer medium. 
1 0, (currently amended) A power-transfer system as defined in claim 2, wherein the 
pressure transducer includes: 

a combination coil and magnet in relative movable relationship; 

a lnoyealilcjicad plate coupled to the combination coil and magnet and being 
configured to respond directly to the changes in weig^t-eH^-water pressure at the head plate 
QVeriioflrt-to verti^ftl4y-diRplace and induce movement within the relative movable 
relationship of the coil and magnet for activating a current within the coil; and 

restoring means coupled to the head plate for periodically e4evat4r+^r^prjn^_the 
IuxkI plate lo a rest position during a trough of the overhead wave in preparation for a 
following downward-displacement responsive to increased weight ef-watcr pressure atthe 
head ^Jarc_geticratocl by a following wave crest. 

1 1 . (currently amended) A power. transfer system as defined in claim 10, further 
comprising a secondary plate movably coupled with the head plate and being configured to 

I amplify any yerlieakhsplaccmcnt of the head plate with increased displacement of the 
secondary plqtc with an attendant increased current output from the coil. 

12. (currently amended) A power transfer system as defined in claim 1 1, further including: 
| a compression chamber bounded at an upp^r-opening by the movable head plate; 

the secondary plate forming a movable surface which is coupled at one side to the 
compression chamber and movably positioned at an opposing side within a conversion 
chamber oflesser diameter than the compression chamber and along an axial orientation of 
displacement; 

said compression chamber having a fluid content which transfers force applied to the 
head plute into the secondary plate in response to displacement- of the head plate and causes 
ii vo lume displacement of the secondary plate within the conversion chamber; 
| saaid secondary pUtc having a lesser surface area than the head plate to cause 

increased linear displacement of the secondary plate as compared with displacement of the 
head pi cite; 
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said secondary pinto being coupled to the combination of coil and magnet to 
translate said linear displacement into relative movement or the coil and magnet to generate 
the current within the coil. 

1 3. (currently amended) A power transfer system as defined in claim 14-, wherein the 
BfeOomJafy i*ktifrpres^^ a rotary plate coupled to a generator at 

a rotational axivsaidsy^en-^ 

ttmwlari-ng^-tfcql 
pl-iUe. 

R (original) A power transfer system as defined in claim 1, wherein the pressure sensing 
.structure comprises a combination of magnet and coil which are positioned to develop an 
interacting relationship within a'magnetic field of the magnet and with respect to the coil, 
the combination of magnet and coil being movable with respect to each other in response to 
the changing height and weight of water to thereby generate an electrical cm-rent within the 
$oil t said coil being coupled to the power transfer system for delivering the electrical power 
output, 

1 5- (original) A power transfer system as defined in claim 1, wherein the pressure 
sensing structure includes; 

a combination of magnet and coil in relative movable relationship for generating 
current within the coil; 

a bellows having a movable plate and a stationary plate and a sealed compression 
chamber (hero between, said movable plate being coupled to the combination of magnet and 
coll and including a power transmission structure to translate plate movement to the 
relative movement of the magnet and coil; 

said movable plate being dcpressible by an increased column height of water over 
the movable plate and including a restoring means for elevating the movable plate to a 
raised, rest position in response to lesser overhead water to generate a pumping action, 

1 6. (original) A power transfer system as defined in claim 1 , wherein the power 
transmission structure includes a lever ami coupled at one end to the pressure sensing 
smiotwe and at a remaining end to the combination of magnet and coil and including a 
fiilcrum point which provides an increased range of motion for the combination magnet and 
coil as compared to the end coupled to the pressure sensing structure to increase a range of 
motion of relative movement between the coil and magnet. 

17, (original) A power transfer system as defined in claim 10, wherein the coil is in fixed 
position and the magnet moves with respect to the coil. 

1 (original) A power transfer system as defined in claim 10, wherein the magnet is in 
fixed position and the coil moves with respect to the magnet. 
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1 9. ^currently amended) A power transfer system as defined in claim 1, wherein the 
picture sensing structure includes: 

a housing; 

a head plate movably positioned at the tep^-tiie-housing, said head plate being 
supported in a movable configuration responsive to changing weight of overhead water 

based on Ihc wave motion; 

a sprift&-meohaft4^^^sisUveJ^^coupled to the head plate for restoring the head 
plate posi t ioi \ ttpwacd-fol lowing ctepression in response to an overhead wave; and 

a combination magnet and coil interactively coupled to the head plate and within an 
attendant magnetic field such that movement of the head plate results in relative movement 
ttetwwn the magnet and coil within the magnetic field to generate current within the coil. 

20. (currently amended) A power iransfcr system as defined in claim 17, wherein the coil 
also comprises theni spring mechanism for providing the resistive force, said magnet being 
Huppotlcd within an internal volume of the coil and operable to generate a current within the 
coil bused upon depression of the coil by the overhead wave and concurrent movement of 
the magnet within the coil. 

21. (original) A power transfer system as defined in claim 1, including: 

a base plate; 

at least one permanent magnet having a plate-like configuration; 

a spring mechanism positioned below the magnet and supported by the base plate, 
Sajd spiing mechanism providing a resistive force to support the magnet below a column of 
water; and 

a conductive coil positioned around Ihc magnet and within an attendant magnetic 

Held; 

the magnet, coil and spring mechanism be positioned and supported at the base plate 
. to provide oscillating relative movement of the magnet with respect to the coil to generate 
■ • an electrical current in response to overhead wave action. 

| '2?. r (currently amended) A method for -converting recurring wave movement within the 
ocean to useful energy, said method comprising the steps of: 

a) positioning pressure sensing structure at l east five f cetbelow water level and at 
an ocean floor locaiion;_and 

b) generating electrical power output from the pressure sensing structure at the ocean 
floor location by direct, electro-mechanical conversion of gravity force arising from changes 
in height of water hij «™qn_g wave crest and trough above the pressure sensing structure to 
electrical current at the ocean floor locationi-and 

„ tran^Hiivg-U*^ 

2^ (currently amended) 2S*-A method as defined in claim 220, further comprising the 
step of generating current flow by causing relative movement of a magnet and field 
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coil positioned at tho ocean floor in response to changes in the forccweight of 
overhead water above Ihc pressure sensitive structure. 
2-4-,„(new) A j;?^^^ 22, fu rther comp risi ng tho step of tran sferring 

1 • jhpjjj^ : ijj^ j ffp>yer output to a shore lo cation. 
25, .(new) A,mcih^ 23 » whc rci n the generating step comprises t he 

fipec j fi c^filc|> o f ro tatt ona! i y displacing a plate m e mber to apply rotation al 
fnrce,^ conversion device , 

2{i,_ (new) A power 

oc ean j 6 eleclvical energ y, said sys t em comp ris ing at least one pressure transduc er 
posUtoned^^^^^ 

Wql rmd movement conf ig ured for (i) registering changes 

&! !llg^ l ^J>0 t I.0.0 .Pr^y^i ^feg d'roct e lectrical po w er output at the transdu cer 
copygpond,^ altcraatin g crests and iroughs. 

• 27.. (new) Ajiystcjn as dcjjm^ 

eoupJedjU pi^cnjMp_thg pressure se nsing str uct ure for receiving electrical power 

fllVd Jl,aiL/TPP^ dev ice, 
28,. /new) Ajsysiui^ as defined in cj ainiJ^^ 

29. (new) A syster^ wher ei n the transfer med iu m compri ses^ 
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ABtmtAgP- ABSTRACT O F THE DISCLOSURE 

A power transfer system for converting recurring wave movement within the ocean 
1ft electrical energy. The system comprises pressure sensing structure such as a pressure 
transducer 10 or combination movable magnet and coil 50, positioned below water level and 
m a location 20 of wave movement for (i) registering changes in height of water 18 and 19 
-above tho pressure sensing structure 10, 50 and (ii) providing electrical power output atthc 
ocean floor corresponding to changes in gravity force associated with the changes in the 
height of water, A transfer medium 12 is coupled at one end to the pressure sensing 
sttucUirc and extends at a second end to a shore location. A power receiving device such as 
t\ bank of stomgu batteries 14 or electrical load is coupled to the transfer medium at the 
shore location for receiving the power output from the transfer medium and for processing 
the power for use, 
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conventional processing. Accordingly* this disclosure is for a device or method for 
producing a pressurized lank of air, not for generating electrical output at the transducer on 
the ocean floor. Sec page 4, line 34. Examples for use of pressurized air are set forth on 
pa£e 2, lines 20 to 24, slating, "Such compressed air may be utilized(sic) to raise water to a 
high love] water reservoir, for example with peristaltic pipes and may then be utilized for the 
fttwmtion of electricity by conventional hydroelectric means." Clearly, this disclosure does 
not SMggest the claimed invention of providing electrical power output at the ocean floor, 

The second reference is Japanese application 10103215. This reference discloses a 
piezoelectric element carried in a housing having "a wave receiving plate which receives 
waves or* the principal plane.*' Page 1 3 claim 1. This is described as a spherical concave, 
presumably configured to reduce (he escape of waves as they impact the plate. Page 2, 
paragraph 2i , In other words, this device is apparently positioned on the beach where 
tumbling waves fall on the plate with direct impact, distorting the piezo element for power 
Ktfncfftliou. Applicant submits that the reference is so indefinite that a clear understanding 
of how Ibis invention works is impossible. Therefore, its applicability to the present 
ilivenliori is dubious, Nevertheless, the conjecture offered above is at least sufficient to 
show that the Japanese disclosure does not operate in accordance with the presently claimed 
invention, because it is not responding to a pressure di rrcrcntial generated by the crest and 
tujugh of an ocean wave. Clearly, this device would not be placed a depths greater that five 
foci, but would instead be positioned at actual wave level to enable direct impact. 

In view of the comments in this amendment, applicant submits that the present 
claims are (n condition for allowance and requests favorable action as soon as possible. If 
there are any question?; or concerns regarding this Preliminary Amendment and contents 
UVuceof, the Examiner is invited to call the undersigned, 

'( he Commissioner is hereby authorized to charge any additional fee or to credit any 
overpayment in connection with this Preliminary Amendment to Deposit Account No. 20- 
0100. 

DATJiP this 7th day of May 2003. 

Respectfully submitted, 



i/auehi<W. North 




VaughrAV, North 
Registration No, 27,930 
THORPE NORTH & WESTERN, LLP 

P.O, Box 1219 

Sandy, Utah 84091-1219 

Telephone: (801 ) 566-6633 
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^APPARATUS FOR CONVERTING OCE^ 

TO ELECTRICITY 



Background of the Invention 

Field of the Invention 

5 The present invention relates to methods and devices for converting the 

energy from ocean or water waves to useful energy. More particularly, the 
present invention relates to the conversion of period wave motion present on 
beaches of the ocean to useful electrical energy. 
Prior Art 

10 Since the beginning of time, man has viewed the power of the oceans with 

awe and has long sought methods for harnessing this power for useful purposes. 
Perhaps one of the greatest forms of natural energy associated with the oceans is 
the recurring tides and resulting waves that define the constantly changing 
boarders to these massive bodies of water. Powered by gravitational forces of the 

15 moon and changing weather conditions of wind, temperature and rain, the ever 
changing tides and resulting propagation of wave motion across the majority of 
surface of the earth generate an immeasurable force which continually pounds 
virtually every exposed shoreline of every continent of the world. 

Attempts to tap this source of energy have experienced only nominal 

2 0 success. Whereas development of hydroelectric power sources on rivers has been 
a simple matter of applying a turbine to a moving stream of water, the capture of 
water movement of periodic waves has been a formidable challenge. Hundreds of 
devices have been contrived to directly respond to the ocean movements; 
however, few have survived the test of general commercial application. Typical 

2 5 approaches to this problem have included the use of moving paddles, buoys and a 

myriad of other floating or tethered objects designed to move laterally with the 
currents in a rhythmic pattern, while transferring this energy to a mechanical 
linkage capable of generating electrical output. 

A primary flaw in such systems arises from the surface location, or at least 

3 0 suspended linkage to surface structure, providing a dependence upon lateral 

interaction of moving mechanical parts with surface wave action to provide the 
medium of transfer of force from the oceans to a power generator. Such 
mechanical assemblies are not only expensive, but require regular maintenance and 
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repair due to changing weather conditions at the surface, which are manifest in 
severe forces capable of crushing the strongest of structures. In addition, the 
constantly changing tides mandate complex height adjustment mechanisms to 
adjust to changing water levels. The resulting variations in operating conditions 
5 make it difficult to provide a single system that is capable of coping with the 
multitude of variables which must be satisfied in a surface-linked mechanical 
system of energy conversion. 

What is needed is a transfer medium which operates in response to the 
periodic wave motion of the waters, but in a manner independent from other 
10 surface water conditions to produce electrical energy. The system must be 

economically feasible by favorably balancing cost of energy production versus 
kilowatt output. 

Objects and Summary of the Invention 

It is an object of the present invention to capture energy from recurring 
15 wave motion of water by indirect conversion of vertical motion to electrical power 
output. 

It is a further object of the invention generate electrical power in response 
to changing weights of water over a fixed, submerged surface as a function of 
time. 

2 0 Yet another object of this invention is to develop conversion of wave 

motion to electrical power without depending upon moving objects suspended 
within the water. 

A still further object of this invention is the conversion of tidal energy and 
recurring wave motion to electrical energy indirectly based on changes in weight 

2 5 of the water as it flows onto and recedes from the beach in a recurring manner. 

These and other objects are realized in a power transfer system which 
includes pressure or gravity sensing devices positioned at the ocean floor and 
under a location of wave movement for (i) registering changes in height of water 
above the pressure sensing devices and (ii) providing a power output 

3 0 corresponding to changes in force associated with the changes in the height of 

water. A transfer medium is coupled at one end to the pressure sensing devices 
and extends to a second end at a shore location adjacent the location of wave 
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movement for transmitting the power output of the pressure sensing devices to the 
shore location. A power conversion device such as an electric motor, light, bank 
of storage batteries or other useful electrical device is coupled to the transfer 
medium at the shore location for receiving the power output from the transfer 
5 medium and for processing the power output to electricity. Other benefits and 

features will be apparent to those skilled in the art, based on the following detailed 
description, taken in combination with the accompanying drawings. 

Description of the Drawings 
Figure 1 graphically represents an array of pressure transducers coupled to 
10 a battery storage system, including access to utility power transfer lines. 

Figure 2 represents a cross section of ocean beach which has been 
modified with a wave energy transfer system as shown in figure 1 . 

Figure 3 graphically illustrates a process for laying a grid of pressure 
transducers within a fluidized trench under the beach area of an ocean water 
15 source. 

Figure 4 illustrates a mat of transducers secured to a rigid grid support for 
placement at the ocean floor, under several feet of sand, with a connecting wire 
for attachment to a power storage bank. 

Figure 5 shows another embodiment of the present invention wherein 

2 0 electricity is developed by the relative movement of a magnet with respect to a 

coil, biased to a return position by a spring. 

Figure 6 is a cross-section of figure 5, taken along the lines 6-6. 

Figure 7 represents an additional embodiment using a piston configuration 
with leveraged force for conversion of linear motion to rotary motion in 
25 combination with a generator. 

Figure 8 shows a perspective view of a billows device coupled to a rotary 
power conversion generator. 

Figure 9 depicts a graphical cross-section of a lever arm powered by a 
billows device and coupled to linear electrical generator. 

3 0 Figure 10 illustrates an additional embodiment of a magnet/coil generator 

in a mat. 

Figure 1 1 shows a variation of the magnet/coil combination. 
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Detailed Description of the Invention 

The present invention arises from the observation that indirect conversion 
of wave movement to electrical energy could avoid the mechanical limitations 
previously experienced with surface-linked paddles, wheels and floating systems. 
5 The challenge is how to capture the lateral movement of surface water in a 

reciprocating manner without being subject to physical wear or damage resulting 
from the sometimes violent thrust and receding movement of powerful ocean 
waves. Indeed, the perception within the prior art was to accept the limitation 
that conversion of the power of ocean tides and waves required a device that 

10 would respond to this lateral wave movement, and then convert this motion to 
rotary movement within a turbine or some other energy transfer medium. An 
inspection of the hundreds of devices and methods which have attempted to tap 
the ocean's energies quickly reveals this common paradigm. 

The present invention adopts a new approach of indirect power 

15 conversion. Instead of focusing on the lateral movement of the ocean waters as 
the source of power, the new paradigm involves considering the vertical force 
applied by the laterally moving waters. In simple terms, the invention arises with 
the observation that the lateral movement of water is accompanied by a change in 
water level at the surface, and an accompanying change in water depth. This 

2 0 variance in depth provides an immediate variation in weight, as recurring greater 
and lesser volumes of water pass over any given area of submerged beach or 
ocean floor. In essence, the recurring rise and fall of water level can be viewed as 
a pumping mechanism which operates independently of the severity of weather 
conditions at the ocean surface. Indeed, the more severe the weather and wave 

2 5 action is, the greater is the energy input to the ocean, leading to greater and more 

frequent variation in depth changes. 

In basic terms, the present energy transfer system can be viewed as a 
column of water which varies in height in a recurring manner. This changing 
column of water possesses a gravitational force corresponding to the height of 

3 0 water above the ocean floor. The recurring waves constantly vary this height 

between the maximum height of any given wave and the lowest level water 
possible when the wave has receded. The difference in height represents an 
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oscillating force and applied load (dependent upon the mass of the water) which 
can be transferred through a conversion medium on the ocean floor to other forms 
of potential or kinetic energy. The recurring nature of this changing volume 
enables simulation of a pumping force, powered by gravity and developed 
5 indirectly by the wave action of the ocean. 

Figure 1 illustrates an indirect conversion medium which has no moving 
parts and is substantially free from the direct movement associated with currents 
and tides. Hereagain, this aspect of the invention arises with the observation that 
power transfer from the recurring wave action can be realized below the water 

10 level, under the ocean floor. This consideration requires an additional shift in 

paradigm to recognize that the sand base below the ocean water can be used as a 
pressure transfer medium for passing the changing load of the column of ocean 
water into a form of electrical energy within a somewhat protected environment, 
free from radical currents and possible attack of sea life. In fact, the fluid nature 

15 of sand and its excellent compaction characteristics provides an ideal medium for 
this energy transfer and conversion. 

Accordingly, one embodiment of the present invention utilizes an array of 
pressure sensitive devices, such as piezoelectric pressure transducers 10, which are 
individually coupled to a conductive wire 1 1, which interfaces with a common 

2 0 conductor 12. This embodiment of the invention applies the capacity of 

piezoelectric material to convert an applied physical stress to voltage output. For 
example, numerous piezoelectric materials are known which are applied in 
microphone devices, stress meters, etc., which provide an analog output voltage 
proportional to the applied change in stress or loading. Typically, this voltage is 

25 used to measure changes in applied stress to a mechanical component and is 

coupled to a meter and associated circuitry to define an analog measurement of 
the applied load. In the present invention, the changing weight applied by the 
column of water can be used to develop a physical change on the piezoelectric 
material, resulting in a voltage output. This output voltage causes current flow 

30 along the coupled wires 1 1 and 12 to a battery storage unit 13. Electric power is 
stored in the battery based on the continual current flow supplied by the recurring 
wave action. 
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The mathematical relationship between current and applied load is 
dependent upon the specific piezoelectric material selected. Those skilled in the 
art of piezoelectric materials have developed representative constants e ; which 
predict the surface charge density of selected materials. Calculations based on the 
5 dimensions of the transducer material and applied force demonstrate that current 
flow can be regularly pumped from a submerged array of transducers below a 
changing load supplied by wave action of the ocean. For example, it is estimated 
that a one square meter array of barium titanate having a thickness of one 
centimeter can supply up to .000013 amps with a changing applied force of one 

10 newton, based on the relationship: 

Current = 0.000013 x Force 2 
Therefore, ten newtons can yield up to 1.3 ma of current. Although the current 
flow may be perceived as nominal, the ability to place thousands of transducer 
arrays which respond every few seconds with a new surge of current, when 

15 multiplied over years of maintenance free operation, can represent a significant 

source of energy. The use of battery storage units 14 permits the accumulation of 
such micro energy pulses to establish commercial applications for the energy 
conversion system. A diode gate 13 or other unidirectional current regulator 
provides a simple check against reverse drainage of power from the battery 

2 0 storage system 14. Appropriate connections can be made to a utility company 15 
for power distribution to consumers 16. 

Figure 2 graphically illustrates one embodiment of positioning such a 
transducer array below the sea bed or beach area 17. The array of transducer 
material 10 is positioned several feet below the transient surface of sand. 

2 5 Appropriate protective coatings such as polyurethane or some other material can 

be applied to minimize exposure to water. This location will typically be 
sufficiently close to the shore so that installation can be readily accomplished 
during low tide. 

This material can be laid in long strips, with a common lead 1 1 being 

3 0 coupled to a single wire 12 which is connected to a battery storage unit 13 and 

buried a safe distance below ground. 
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Once in position, the transducer material remains static and should require 
little or no maintenance. Nevertheless, each few seconds brings a new wave 20, 
giving a rise in water level and attendant change in applied force. This pressure 
loads the transducer material, generating a pulse of current which is transmitted to 
5 the battery storage unit 13. The amount of current will depend upon the change 
of water level from peak wave height 18 to trough level 19. This recurring shift 
every several seconds will continue to pump energy to the system for decades, 
with little additional expense beyond installation and initial cost of materials. 

Figure 3 illustrates one method for positioning the subject invention at an 

10 operable location. First, a trench 41 is excavated along a section of ocean floor 17 
below a region of ocean water 30 which is subject to constantly changing water 
elevations. A trenching device 40 travels along the ocean floor 12. The mat of 
transducers 10 is buried within the trench 41 at a depth which protects the 
transducer mat 1 0 from adverse exposure to ocean currents and sea life. 

15 One method for excavating the disclosed trench 41 involves fluidizing sand 

and silt at the ocean floor 14 to form the trench as a liquid slurry. The transducer 
mat is laid within the fluidized sand and silt, which then is allowed to settle over 
and bury the transducer mat to a desired depth. The mat is then connected by 
means of a conductive wire 17 to the shoreline where it may be coupled to storage 

20 batteries or electrical devices. It will be apparent to those skilled in the art that 
numerous methods can be utilized to lay the transducer mat 10 at the ocean floor 
to establish a stable, stationary position with respect to the changing height of 
water overhead. 

Figure 4 shows a mat of transducers 10 secured to a rigid grid support 40 
25 for placement a the ocean floor as illustrated above. A connecting wire 1 1 

couples the respective transducers 10 to a power storage bank 14. The rigid grid 
support 40 supplies the stiffness for supporting the mat of transducers 10 as 
described above. 

Other embodiments of the present invention will be apparent to those 
30 skilled in the art. For example, Figure 5 depicts a graphic representation of a fully 
enclosed, submersible drum 50 which contains a moveable head plate 5 1 coupled 
to the combination of a coil 52 moving in a field of a magnet 53 or alternately, a 
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magnet moving in a fixed coil. As overhead waves roll across the drum, the 
changing weight of overhead water exerts a changing gravity force F, which 
develops movement of the head plate 51 against the fixed resistance of a return 
biasing force such as springs 54. Phantom configuration lines 56 illustrates the 
5 displacement 57 of the head plate 5 1 under a wave peak overhead. As the 

following wave trough passes over, the gravity force F decreases to its minimum 
value and the restoring forces of the springs 54 displace the head plate 5 1 upward 
to the raised, rest position. The resulting relative reciprocating movement of the 
coil and magnet induces an electromotive force which generates voltage and 
10 current production, similar to the current output of the piezoelectric embodiment. 
The output and efficiency of this system, however, is significantly higher than that 
which could be supplied by currently known piezoelectric systems as described 
above. 

Figures 5 and 6 further illustrate a displacement enhancement feature 

15 which converts the small displacement 57 of the head plate 51 to an increased 
displacement 58. This feature is enabled by use of a compression chamber 60 
which has a fixed volume, except for the volume changes which result from 
displacement of the head plate 51 and a smaller, secondary plate 61. The smaller 
surface area of the secondary plate 61 results in substantially greater linear 

2 0 displacement 58 into a conversion chamber which allows the secondary plate to 
move in an unrestrained manner. This conversion chamber may be gas filled to 
protect electrical conversion components (magnets 63 and coil 62) from adverse 
contact with ocean water. The larger excursion path of the secondary plate 61 
results in a corresponding enlarged path for the attached coil 62 through the 

25 magnetic field of magnet 63, leading to increased current production which is 

transmitted through attached lead 65 to the shoreline. A diode or rectifier bridge 
55 rectifies polarities to provide continuous current flow to the battery system or 
electrical device 14. 

The subject drum 50 may be made of concrete, plastic, ceramic, 

30 noncorrosive metals or other suitable materials which can withstand extended 
periods of submersion in ocean water. Preferable compositions should have 
sufficient density to overcome any buoyancy of the drum. Alternatively, securing 
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loops 69 or other forms of anchoring means can be installed to enable secure 
fixation at the ocean floor. Concrete construction appears to offer the preferred 
density, as well as durability for extended life and reduced cost. Flexible 
surrounds 66 and 67 similar to speaker surrounds in audio products provide 
5 displacement capacity to the respective head plate 51 and secondary plate 61 while 
preserving a complete seal on the respective chambers. Once the conversion unit 
is fully assembled and sealed, a protective polymer coating or encasement 68 can 
be applied as a complete exterior seal. The device should therefore be able to 
operate for years without significant maintenance requirements. 

10 Although a common fluid such as air may be preferred in the respective 

chambers to minimize differential compression rates when submerged, it is 
envisioned that the device will commonly be placed at lesser depths of water such 
as occur near the shoreline to maximize the relative change in gravity weight with 
each passing wave. Pressure influence at these levels should be nominal. Such 

15 shallow depths offer greater percentage variations in weight, which enable greater 
relative displacement of the coil and magnet. For example, a drum positioned 
under water at low tide may experience overhead waves of 3 to 10 feet in height. 
Assuming a depth of five feet for the head plate during a wave trough, the column 
height of overhead water will alternate between eight and fifteen feet. This is 

2 0 equivalent to a doubling of weight with every wave period. If high tide raises the 

water level another ten feet, then the height variation will range from eighteen to 
twenty-five feet, providing approximately a thirty percent variation in wave height. 
Moving the device to depths of 100 feet would quickly reduce the percent 
variation of weight and resulting displacement to a mere 5-6 percent. It will be 
25 apparent that actual design parameters will depend upon the unique characteristics 
of placement locations, anticipated ocean depths and relative water height 
variations. Resistive spring values for springs 54, plate dimensions, internal 
pressure levels, magnet and coil configuration and displacement ranges will 
require integration to maximize electrical output. With the explanation provided 

3 0 herein, these design considerations are well within the skill of the ordinary artisan. 

Figure 7 illustrates an adaptation of the previous embodiment with linkage 
from a compression chamber 70 and head plate 71, through a piston member 73 to 
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a lever arm 74. Similar principles of operation provide for displacement of the 
head plate 71 under changing gravity force F to a depressed position 75. This 
displacement is enhanced by the smaller surface area of the piston 53, yielding 
greater linear movement as shown by phantom lines 76. Accordingly, the piston 
5 arm 77 drives the attached wheel 78 in rotation. Further enhancement of 

comparative head plate displacement is accomplished by reduction in diameter of 
drive wheel 79, which is attached to a rotary generator 80 which is axially coupled 
to the drive wheel 79. The occurrence of a wave trough allows the biasing springs 
81 to return the head plate to an original raised position. Lead 82 couples the 
10 electrical output to a rectifier for processing the alternating signal to DC or 
rectified AC. 

An additional embodiment of the present invention is shown in Figure 8. 
This device includes a bellows 85 with collapsible walls 86. A protective head 
plate 91 responds to changes in gravity force F based on the column weight of the 
15 overhead water. The return force may be contained air, a restoring spring, or a 

combination of both. The illustrated embodiment includes an axial rotation rod 87 
rigidly coupled by braces 89 to the head plate 91 such that reciprocating 
movement of the bellows results in axial rotation of the rod 87. This rod is 
anchored along its rotational axis to a base plate 88 for structural alignment. One 

2 0 end of the rod 87 is coupled to a primary drive wheel 92, which is coupled to a 

secondary, smaller drive wheel 93 by a drive chain 94. The secondary drive wheel 
powers a rotary generator 96, which supplies alternating current to a rectifier 97 
at a frequency corresponding to the periodicity of the wave action. The 
mechanical drive system is contained within a housing 98. 
25 The same bellows of Figure 8 can be modified in Figure 9 for linear 

conversion of bellows movement to electrical output. In this version, the head 
plate 91 includes a lever arm 100 which is pivotally anchored to a fulcrum 101. 
As the bellows reciprocates in response to overhead wave action, the lever arm is 
raised and lowered. Displacement enhancement is provided by the longer section 

3 0 of lever arm 101a on the left side of the fulcrum. Accordingly, the remote end 

102 of the lever arm moves along a larger vertical path than the bellows 
displacement. A harness 103 suspends a coil 104, which moves through a 
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magnetic field generated by magnet 105, generating the desired current. A 
housing 106 protects the moving parts from the ocean environment. 

The magnet and coil combination can also be embodied in a mat 
configuration, similar to that illustrated in Figure 4. For example, Figure 10 
5 depicts an array of separate magnet/coil pods 110 which provide the relative 
magnet/coil movement in response to changing weight of the overhead water. 
Each pod is contained in a thin plastic housing 1 1 1 which seals the magnet 112 
and coil 113 from corrosive action of the sea water. A spring mechanism 1 14 
biases the magnet 1 12 in a raised position, yet has sufficiently low stiffness to 

10 allow the supported magnet 1 12 to readily depress under increasing weight of a 
rising wave crest overhead. Current from the coil is transmitted by a connecting 
wire 118. The thin plastic housing is sufficiently loose around the coil to permit 
the magnet to easily displace within the volume enclosed by the coil. The coil may 
actually be encased in a rigid plastic wall (phantom lines 1 15) to retain fixed coil 

15 orientation as the magnet reciprocates with the wave action. A stiff support plate 
116 provides resistance against vertical movement of the spring mechanism, and 
may be further supported by a rigid base 117. A surrounding mat 119 retains the 
array of pods in place. It will be apparent that the number of pods in an actual mat 
configuration would be much greater in density to maximize current generation 

2 0 from overhead wave action. 

An additional modification of the magnet/coil combination is shown in 
Figure 1 1, wherein the spring means for movably supporting the magnet is the coil 
itself. A base plate 120 supports a magnet 121 within the field volume of the coil 
122 and in fixed position. The coil 122 contracts periodically in response to the 
25 force F applied to a head plate 123, causing the required relative movement of the 
coil with respect to the magnet 121. This embodiment offers some advantage in 
simplicity and cost reduction; however, sacrifices some strength of field 
interaction in view of limited movement of the coil. By using large arrays of 
super-magnets (neodinium magnets) having extreme high field strength, sufficient 

3 0 current can be generated for a workable system. 
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CLAIMS 

I claim: 

1. A power transfer system for converting recurring wave movement within the 
ocean to electrical energy, said system comprising: 

5 pressure sensing structure positioned at a stationary location at an ocean 

floor below water level and below a location of wave movement for (i) registering 
changes in height of water above the pressure sensing structure and (ii) providing 
an electrical power output corresponding to changes in force associated with the 
changes in the height of water; 
10 a transfer medium coupled at one end to the pressure sensing structure and 

extending along the ocean floor to a second end at a shore location adjacent the 
location of wave movement, said transfer medium including means for transmitting 
the electrical power output of the pressure sensing structure to the shore location; 
and 

15 electrical power receiving means coupled to the transfer medium at the 

shore location for receiving the electrical power output from the transfer medium 
and for processing the electrical power output to a useful form of energy. 

2. A power transfer system as defined in claim 1, wherein the pressure sensing 
structure comprises a pressure transducer which responds to changes in pressure 

2 0 and supplies the electrical power output as an output voltage. 

3 . A power transfer system as defined in claim 2, wherein the pressure 
transducer comprises a piezoelectric material which responds to changes in 
pressure to produce the electrical power output, said transfer medium comprising 
a conductive material connected at one end to the pressure transducer and at the 

2 5 other end to the power receiving means. 

4. A power transfer system as defined in claim 1, wherein the pressure sensing 
structure comprises an interconnected array of pressure transducers including an 
output connection coupled to the power transfer medium. 

5. A power transfer system as defined in claim 4, wherein the array of pressure 
30 transducers are interconnected in parallel relationship to an output connection 

which cumulates voltage output from individual pressure transducers for 
transmission to the transfer medium. 
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6. A power transfer system as defined in claim 2, wherein the power receiving 
means comprises a battery storage system for storing electrical energy received 
from the output voltage. 

7. A power transfer system as defined in claim 3, wherein the array of 

5 transducers are buried within a section of ocean floor at sufficient depth to be 
substantially undisturbed by currents and sea life. 

8. A power transfer system as defined in claim 7, wherein the transfer medium 
comprises connecting wire at the ocean floor between the array of transducers and 
the power receiving means. 

10 9, A power transfer system as defined in claim 3, wherein the array of pressure 
transducers comprises a mat of interconnected pressure transducers and 
connecting wires, said mat including a common output lead coupled to the transfer 
medium. 

10. A power transfer system as defined in claim 2, wherein the pressure 
15 transducer includes: 

a combination coil and magnet in relative movable relationship; 
a head plate coupled to the combination coil and magnet and being 
configured to respond directly to the changes in weight of water overhead to 
vertically displace and induce the relative movable relationship of the coil and 

2 0 magnet for activating a current within the coil; and 

restoring means coupled to the head plate for periodically elevating the 
head plate to a rest position during a trough of the overhead wave in preparation 
for a following downward displacement responsive to increased weight of water 
generated by a following wave crest. 
25 1 1 . A power transfer system as defined in claim 10, further comprising a 

secondary plate movably coupled with the head plate and being configured to 
amplify any vertical displacement of the head plate with increased displacement of 
the secondary plate with an attendant increased current output from the coil. 
12. A power transfer system as defined in claim 1 1, further including: 

3 0 a compression chamber bounded at an upper opening by the movable head 

plate; 
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the secondary plate forming a movable surface which is coupled at one 
side to the compression chamber and movably positioned at an opposing side 
within a conversion chamber of lesser diameter than the compression chamber and 
along an axial orientation of displacement; 
5 said compression chamber having a fluid content which transfers force 

applied to the head plate into the secondary plate in response to displacement of 
the head plate and causes a volume displacement of the secondary plate within the 
conversion chamber; 

said secondary plate having a lesser surface area than the head plate to 
10 cause increased linear displacement of the secondary plate as compared with 
displacement of the head plate; 

said secondary plate being coupled to the combination of coil and magnet 
to translate said linear displacement into relative movement of the coil and magnet 
to generate the current within the coil 
15 13. A power transfer system as defined in claim 1 1, wherein the secondary plate 
comprises a rotary plate coupled to a generator at a rotational axis, said system 
further including intermediate power transmission structure for translating vertical 
displacement of the head plate into rotational displacement of the rotary plate. 

14. A power transfer system as defined in claim 1, wherein the pressure sensing 

2 0 structure comprises a combination of magnet and coil which are positioned to 

develop an interacting relationship within a magnetic field of the magnet and with 
respect to the coil, the combination of magnet and coil being movable with respect 
to each other in response to the changing height and weight of water to thereby 
generate an electrical current within the coil, said coil being coupled to the power 
25 transfer system for delivering the electrical power output. 

15. A power transfer system as defined in claim 1, wherein the pressure sensing 
structure includes: 

a combination of magnet and coil in relative movable relationship for 
generating current within the coil; 

3 0 a bellows having a movable plate and a stationary plate and a sealed 

compression chamber there between, said movable plate being coupled to the 
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combination of magnet and coil and including a power transmission structure to 
translate plate movement to the relative movement of the magnet and coil; 

said movable plate being depressable by an increased column height of 
water over the movable plate and including a restoring means for elevating the 
5 movable plate to a raised, rest position in response to lesser overhead water to 
generate a pumping action. 

16. A power transfer system as defined in claim 1, wherein the power 
transmission structure includes a lever arm coupled at one end to the pressure 
sensing structure and at a remaining end to the combination of magnet and coil 

10 and including a fulcrum point which provides an increased range of motion for the 
combination magnet and coil as compared to the end coupled to the pressure 
sensing structure to increase a range of motion of relative movement between the 
coil and magnet. 

17. A power transfer system as defined in claim 10, wherein the coil is in fixed 
15 position and the magnet moves with respect to the coil. 

18. A power transfer system as defined in claim 10, wherein the magnet is in 
fixed position and the coil moves with respect to the magnet. 

19. A power transfer system as defined in claim 1, wherein the pressure sensing 
structure includes: 

20 a housing; 

a head plate movably positioned at the top of the housing, said head plate 
being supported in a movable configuration responsive to changing weight of 
overhead water based on the wave motion; 

a spring mechanism coupled to the head plate for restoring the head plate 
25 upward following depression in response to an overhead wave; and 

a combination magnet and coil interactively coupled to the head plate and 
within an attendant magnetic field such that movement of the head plate results in 
relative movement between the magnet and coil within the magnetic field to 
generate current within the coil. 
3 0 20. A power transfer system as defined in claim 17, wherein the coil also 

comprises the spring mechanism for providing the resistive force, said magnet 
being supported within an internal volume of the coil and operable to generate a 
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current within the coil based upon depression of the coil by the overhead wave 
and concurrent movement of the magnet within the coiL 

21. A power transfer system as defined in claim 1, including: 

a base plate; 

5 at least one permanent magnet having a plate-like configuration; 

a spring mechanism positioned below the magnet and supported by the 
base plate, said spring mechanism providing a resistive force to support the 
magnet below a column of water; and 

a conductive coil positioned around the magnet and within an attendant 
10 magnetic field; 

the magnet, coil and spring mechanism be positioned and supported at the 
base plate to provide oscillating relative movement of the magnet with respect to 
the coil to generate an electrical current in response to overhead wave action. 

22. A method for converting recurring wave movement within the ocean to 
15 useful energy, said method comprising the steps of: 

a) positioning pressure sensing structure below water level and at an 
ocean floor location; 

b) generating electrical power output from the pressure sensing structure 
at the ocean floor location by electro-mechanical conversion of gravity force 

2 0 arising from changes in height of water above the pressure sensing structure to 
electrical current at the ocean floor location; and 

c) transferring the electrical power output to a shore location. 

23. A method as defined in claim 20, farther comprising the step of generating 
current flow by causing relative movement of a magnet and field coil positioned at 

25 the ocean floor in response to changes in weight of overhead water above the 
pressure sensitive structure. 
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water. A transfer medium (12) is coupled at one end to the pressure sensing structure and extends at a second end to a shore location. A 
power receiving device such as a bank of storage batteries (14) or electrical load is coupled to the transfer medium at the shore location 
for receiving the power output from the transfer medium and for processing the power for use. 
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entitled APPARATUS FOR CONVERTING OCEAN WAVE MOTION TO ELECTRICITY, the 
specification of which was filed on September 11, 2000 as United States Application No, 
09/6-16,235; that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment specifically referred to above; and that 1 
acknowledge the duty to disclose information which is material to patentability as defined in §1 .56(a) 
of Tills 37 of the Code of Federal Regulations, 

I .hereby claim the benefit under Section 120 of Title 35 of the United States Code of the 
earlier filed PC T application number PCT/US99/057 10 filed on March 15, 1999 with priority date 
of March 13, 1998; and, insofar as the subject matter of each of the claims of these applications is 
not disclosed in the earlier filed pending applications in the manner provided by the first paragraph 
of Section 112 of Title 35 of the United States code, we acknowledge the duty to disclose material 
information, as defined in Section 1.56(a) of Title 37 of the Code of Federal Regulations, which 
occurred between the filing date of the earlier filed applications and the filing date of this 
application. 

I declare further that all statements made herein of my own knowledge are true and that all 
staifcritenls made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful, false statements and the like so made arc punishable by 
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Attorney Docket No. T6637.C1P.PCT.US 

POWER OF ATTORNEY 

Vaughn W. North, a citizen of the United States of America, residing in Salt Lake City, Utah 
with an address of 8 1 80 South 700 East, Suite 200, Sandy, Utah 84070-0562, owner of all right, title 
and interest in the invention entitled APPARATUS FOR CONVERTING OCEAN WAVE 
MOTION TO ELECTRICITY for which an application for United States Letters patent was filed 
on September 11, 2000, and given U.S. Patent Application Serial No. 09/646,235, and empowered 
to prosecute the U.S. and foreign applications on behalf of the inventors, hereby appoint as his 
attorneys and/or patent agents the law firm of THORPE, NORTH & WESTERN, LLP, having a 
business address of 8180 South 700 East, Suite 200, Sandy, Utah 84070, and VAUGHN W. 
NORTH, Registration No^27 s 23a M, WAYNE WESTERN, Registration No.,22J8& CLIFTON 
W. THOMPSON, Registration No. 36 ; 947^GARRON M. HOBSON, Registration No. 41,073, 



WEILI CHENG, Registration No. 44,609, DAVID R. MCKINNEY, Registration No. ^42,868, 

STEVE M. PERRY, Registration No. 45,357^ GARY P. OAKESON, Registration N o. 44,266 Lj a nd 

DAVID W. OSBORNE, Registration 1^044,989^11 with full power of substitution and revocation, 

to prosecute this application and to transact all business in the Patent and Trademark Office 

connected therewith. 

All correspondence concerning this application should be directed to: 

_^gughn N. North 
T HORPE, NORTH^ ^ MTERN, LLP_ 

J Sandv. Utah 84091-1 219 ^ 
Telephone: (801) 566^6633 1 
Facsimile: (801) 566-0750 



Dated this *V day of December 2000 at Sandy, Ut; 




Vaughn 
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fmo or imprisonment, or both, under § 1001 of Title 18 of the United States Code, and that such 
willful* false statements may jeopardise the validity of the application or any patent issuing thereon. 

Wherefore, I pray that Letters Patent be granted to me for the invention or discovery 
tiv^enh^d find claimed in the foregoing specification and claims, declaration, and this petition. 

Signed at Sandy, Utah, this /P^* day of February 200 1 . 



•Residence: (City, State): 

Citizenship: 

Post Office Address: 



INVENTOR; 

. J^aljiak^ity, Utah U , 
United States of America 
81 80 South 700 East, Suite 200 
Sandy, Utah 84070-0562 




is 



i Signed at Sandy, Utah this „ _day of February 2001 . 

INVENTOR: 



^ Residence; (City, State): 

' Cilv/.enship: 
Post Office Address: 




United States of America 
13633 Quiet Hills Drive 
Poway, California 92064 



Signed at Salt Lake City, Utah this / 



.day of February 2001. 



• Residence: (City, State): 

, Citi/eixship: 

: Post Office Address: 



INVENTOR: 



Ke nneth La^ enceDgVij£&- 
~5alt Lake C^WSS^^^^ 
"TJnitea^tates of America^ / 
1466 Penrose Drive 
Sail Lake City, Utah 84103 
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STATEMENT CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) & 1.27(b))-INDEPENDENT INVENTOR 



Docket Number (Optional) 
T6637.CIP.PCTUS 



Applicant, Patentee, or Identifier y^nghn w North 

Application or Patent No.: 

Filed or Issued: ^pt-^mV^r- 11 f ?nnn 



Title: — APP AT? ATT m fop rrs^n^Q^T^irz nn?arj ynsxp? M^TT^N FT .FTTP T TY 

As a below named inventor, \ hereby state that I qualify as an independent inventor as defined in 37 CFR 1.9(c) 
for purposes of paying reduced fees to the Patent and Trademark Office described in: 

|x"| the specification filed herewith with title as listed above. 

| | the application identified above. 

HI the patent identified above. 

I have not assigned, granted, conveyed, or licensed, and am under no obligation under contract or law to assign, 
grant, convey, or license, any rights in the invention to any person who would not qualify as an independent inventor 
under 37 CFR 1 .9(c) if that person had made the invention, or to any concern which would not qualify as a small 
business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1 .9(e). 

Each person, concern, or organization to which I have assigned, granted, conveyed, or licensed or am under an 
obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 



5TI No such person, concern, or organization exists. 

[ | Each such person, concern, or organization is listed below. 



Separate statements are required from each named person, concern, or organization having rights to the invention 
stating their status as small entities. (37 CFR 1 .27) 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1 .28(b)) 




(EOF INVENTOR 



NAME OF INVENTOR 



>rgnaturey6f inventor " Signature of inventor 



Signature of inventor 




Dati 



Date 



Date 



Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, 
Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents. Washington. 
DC 20231. 



